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Abstract: Animal husbandry activities, industrial development, along with human activities have
led to a generation of high organic content wastewater. These wastewater pose severe environmental
issues when the BOD or COD exceeded the limit of national regulation. The conventional treatments
of wastewater requires high cost whereas large proportion of nutrients in the forms of carbon,
nitrogen, and phosphorus being wasted. In the view of circular economy, these wastewater can be
simutaneosly treated and recovered as biogas including CHa4, Hp, and N». The efficiency of gas
recovery is evaluated through the fluctuations in temperature, pH, and nutrients in the treatment
tank. The pH in range of 5.5-6.5 shows the most optimal for H, production. The maximum threshold
of CH4 gas generation was obtained from pH 7.6-8.3. The efficiency of H,S gas collection is much
higher than that of CH4 and H; but it is not feasible to use because of its high toxicity and odor. The
essential factors to evaluate the efficiency of nutrient treatment and the production of H, and CH4 in
treatment of three types of wastewater above are the BOD/COD ratio and the BOD:N:P ratio.
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Thu hoi khi sinh hoc tir xir Iy nude thai giau hiru co
bang h¢ thong phan huy ky khi

V& Hitu Cong”, Nguyén Puc Canh

Hoc vién Nong nghiép Viét Nam, Trau Quy, Gia Lam, Ha Ngi, Viét Nam

Nhén ngay 22 thang 7 ndm 2023
Chinh stra ngay 04 thang 9 nam 2023; Chap nhén dang ngay 14 thdng 9 nim 2023

Tém tit: Hoat dong chin nudi, phat trién cac nganh cong nghiép ciing voi hoat dong sinh hoat cia
con ngudi da dan dén phat sinh nudce thai vi ham luong chét hiru co 16n. Trong bbi canh nén kinh
té tuan hoan dang phat trién hién nay, viéc san xuit di kém vai xir Iy chét thai theo truyén thong
khong kha thi vé mat kinh t&. Phuong an thu hdi khi sinh hoc cha yéu bao gom CHa, Hz, N2 tir xir Iy
céc loai nude thai gidu hitu co da duge ap dung nham tan dung cac loai khi phat thai ra ngoai moi
truong dé 1am nhién liéu ddt, sir dung 1am dién nang. Hiéu qua thu hoi khi duge danh gia thong qua
bién dong nhiét 4o, pH, dinh dudng trong bé xir Iy. Ngudng pH 5,5 — 6,5 tdi uu nhat dé san sinh Ha.
Ngudng sinh khi CHs cuc dai dat duoc tr pH 7,6 — 8,3. Hi¢u suat thu khi HoS dat duge cao hon han
CHa va H, nhung khong kha thi khi str dung vi 6 doc va do mui cao. Cac yéu td quan trong dé danh
gia hiéu qua xtr Iy dinh dudng va hi¢u suat sinh khi H, v CHy trong chu trinh xir 1y cac loai nudc

thai 1a ty 1¢ BOD/COD va BOD:N:P.

Tir khéa: Khi sinh hoc, dinh dudng, hop chét hitu co, nude thai, phan hay ky khi.

1. Mé dau

Nudc thai giau hitu co ¢6 tiém ning thu hoi
ngudn khi sinh hoc rat 16n do trong né chira cac
thanh phan d& phan hiy sinh hoc, san phdm tao
ra chi yéu 1a khi methan (CHy) trong diéu kién
yém khi hodc ca bo nic (CO;) trong diéu kién 6
Xi héa. Khi methan 1a mot khi sinh hoc ¢6 kha
nang san sinh nhiét lugng cao. Nudc thai co
ngudn gbe khac nhau s& duge ap dung cic cong
nghé xtr 1y va thu hdi khi sinh hoc khac nhau,
phu thudc vao thanh phan va tinh chit cua ting
loai nude thai d6. Péi véi nude thai chin nudi,
phuong phap dugc ap dung rong rai do6 la xu ly
thong qua hé théng biogas. Do dic tinh gidu hiru
co [1, 2], twong thich vdi kha nang phan huy sinh
hoc cao [1, 3], hé thong biogas duoc mg dung
phd bién trong linh vic nong nghiép tuan hoan
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[2, 4, 5] v6i cac phuong phap ap dung ddng xir
Iy két hop thu hoi khi tai cip quy mé ho gia dinh
tuong dbi cao [6-11]. Hé thong biogas hoat dong
dua trén co ché phan giai cac hop chit hitu co
trong diéu kién ky khi [12-14]. Co ché nay chi
xay ra khi c6 sy vang mat ctia khi oxi. Trong méi
truong yém khi, cac hop cht hitu co trong nudc
thai bi phan huy thanh cac chét hoa tan va chat
khi [13]. Qua trinh phén hiy ky khi dwoc dién ra
theo nhiéu giai doan véi su tham gia thiét yéu
cua protein, tinh bdt, axit béo, glyxerol va vi sinh
vat [12]. Cac san phim khi sinh hoc chu yéu
dugc sinh ra bao gdm Nz, CHa, HoS va mot luong
nho khi O va khi CO [14]. Khi sinh hoc thu hoi
da duoc ing dung lam khi dt trong cac ho gia
dinh [6, 15, 16] va nghién ctru chay thir nghiém
d6i voi cac loai dong co [17-20]. Xt 1y bang


mailto:vhcong@vnua.edu.vn
https://doi.org/10.25073/2588-1094/vnuees.4

V. H. Cong, N. D. Canh / VNU Journal of Science: Earth and Environmental Sciences, Vol. 39, No. 3 (2023) 1-20 3

biogas trén quy mo 16n khong dat duoc hiéu suat
xtr 1y nuée thai téi da, mot sé phuong phap xu 1y
sau biogas di duoc nghién ctru va cho thay hiéu
qua xir Iy ting 1én dang ké.

Nudc thai sinh hoat duogc tao ra tir cac hoat
ddng sinh hoat ciia con nguoi, bat ngudn chi yéu
tur cac hd gia dinh, khu déan cu va do thi tap trung
[21, 22]. DBbi v6i nude thai sinh hoat d6 thi, cac
phuong phap thuong dugc wu tién dé xir Iy hién
nay la ap dung cong ngh¢ phan irng sinh hoc theo
mé (Sequencing batch reactor - SBR) va cong
nghé sinh hoc yém khi nguoc dong qua 16p dém
bun (Upflow Anearobic Sludge Blanket —
UASB). Quy trinh van hanh h¢ thdng SBR bao
gom 4 giai doan lién tyc bao gom: nap nudc thai,
xir 1y, ling va rat nudc sau xur 1y [23]. Uu diém
cua cong nghé SBR 14 cac qué trinh xtr Iy sinh
hoc, bao gdm xir Iy BOD (Biochemical oxygen
demand), qua trinh nitrate hoa, khur nitrate, qua
trinh phéan giai va hip thu phosphor déu dién ra
trong mot bé xir 1y va khong can bé ling thir cap
[24]. Tuy nhién, nhuge diém lai 1a van hanh phic
tap, nhay cam vai nhiét do va du thira bun [25].
Cong nghé UASB c6 wu diém riéng biét 1a xur 1y
dugc tit ca cac loai nude thai co ndng do 6 nhidm
hitu co rt cao, chiu tai trong 16n [26, 27], thich
hop cho xir 1y nudc thai sinh hoat ¢6 tron 1dn véi
nudc thai cong nghiép nho 1é. Mot nghién ciru &
Uc cho thay, str dung cong nghé nay cho luong
khi gas sinh hoc & muc 9,8 L/ngay voi ham
luvong methan dén 77% [28]. Tuy nhién nhuoc
diém cong nghé nay 1a van hanh khé phuc tap va
thoi gian van hanh l1au [27]. Ngoai ra, ung dung
hé théng AAO ciing dat hiéu qua xtr ly trong ddi
cao ddi v6i nudc thai sinh hoat ¢ ham lugng
BODs, COD va N — NH4* cao [29]. Cac cdng
nghé trén mac du dat dugc hiéu qua xu 1y cao
nhung khong thu héi duge dinh dudng hitu co
trong nudc thai. Mot s6 nude trén thé gioi da thir
nghiém thu hdi khi tir cac hé thdng biogas xir ly
nudc thai sinh hoat nhu ¢ vung ven d6 thi
Zambia [30] hay ¢ Thuy Dién [31], tuy nhién rat
kho Uing dung vao thuc té do hiéu suét san sinh
khi thyc t& tuong ddi thp va cac yéu t6 moi
truong anh huong dén két qua sinh khi. Tai Viét
Nam ciing chwa ap dung cong nghé két hop xir
ly nuée thai sinh hoat va thu hoi khi. Mac du da

c6 mdt sd nghién ciru tiép can nhu tién xr 1y bun
béng phuong phap si€u am va phén huy yém khi
bun két hop thu hdi khi [32], tuy nhién cac co
ché phan giai chat hiru co va hiéu suét san sinh
khi van chua ré rang.

Nudc thai cong nghiép phat sinh tir cac quy
trinh cong nghé cia co so san xuét, dich vu cong
nghiép, nha may xtr 1y nudc thai tap trung c6 dau
ndi nudc thai cia co so cong nghiép [33]. Cac
loai hinh céng nghiép khac nhau c6 tinh chét va
dic trung riéng vé nuéc thai, do dé cac cong
nghé xur Iy nudce thai cting dac thu. Cong nghé
yém khi nguoc dong qua 16p dém bun (UASB)
d3 dugc nghién ciru xtr Iy nudc thai san xuit mia
duong va c6 tiém ning sinh khi CH, cao [27].
Nudc thai san xuét tinh bot sdn ¢6 ham lugng
COD trén 5600 mg/L va BOD trén 4600 mg/L,
ap dung cong ngh¢ bun hoat tinh phan huy ky khi
— hiéu khi két hop vira dé xur 1y vira dé thu hoi
Biohydrogen [34]. Biohydrogen dugc danh gia
1 ngudn ning luong sach, tuy nhién cac cong
nghé van dugc ap dung trude day gom dién phan
va cai tao hoi nudc ton chi phi ning lugng rat
cao [35]. Str dung Biohydrogen sinh ra tir nudc
thai ché bién tinh bot san tiét kiém chi phi mua
nang lugng va chi phi xt 1y nude thai [36].

Co ché thu héi khi sinh hoc d6i véi méi loai
nudc thai trén tuong dbi da dang, do d9, viéc
danh gia hiéu qua thu hoi ddi voi mbi loai khi
déu duogc dya trén tai lugng nudc thai va muc do,
thanh phan dinh dudng cua timg loai. Céc
phuong phap duoc d& cap & trén déu c6 uu diém
12 hiéu qua xir 1y cao va co thé ap dung ddi véi
nhiéu loai hinh nuéc thai khac nhau. Tuy nhién,
tiém nang san sinh khi va thu hdi khi van con
chua dugc danh gia rd rang. Nghién ctru nay tong
hop dit liéu thuc nghiém tir cac nghién ctru vé xir
Iy nude thai két hop thu hdi khi trude dy va tong
quan mot cach chit ché cac co ché xir Iy va hiéu
suat thu hdi khi sinh hoc dbi véi 3 loai hinh nuéc
thai dién hinh 1a nuéc thai chan nudi; nudc thai
sinh hoat va nudc thai cong nghiép.

2. Vit liéu va phwong phap nghién ctru

Nghién ciru nay danh gia tiém ning thu hoi
khi sinh hoc tr nuéc thai giau chat hitu co dugc



4 V. H. Cong, N. D. Canh / VNU Journal of Science: Earth and Environmental Sciences, Vol. 39, No. 3 (2023) 1-20

tong hop tir cac an pham, cong bd khoa hoc trén
tap chi c6 uy tin cua National Library of
Medicine (NLM)’s PubMed (https://www.ncbi.
nlm.nih.gov/pubmed), Science Direct
(https://www.sciencedirect.com), Springer Link
(https:/Nlink.springer.com/), Google Scholar
(https://scholar.google.com/), va cdc bai bao
dang trén cac tap chi uy tin, tap chi chuyén nganh
trong nudc. Céc tir khoa duoc str dung trong tong
hop gom: “khi sinh hoc”, “methan”, “chét hiru
c0”, “nude thai”, “chdn nu6i”, “sinh hoat”, “kinh
té tuan hoan”. Két qua nghién ctru nham cung
cﬁp cac luan ctr khoa hoc vé viéc thu hdi nang
lugng, khi sinh hoc tir nude thai giau hiru co, lam
tién dé cho cac nghién ctru thu hoi dién nang va
khi sinh hoc.

Pham vi vé d6i trong nghién ctru ctia bai bao
nay tap trung vao cac dac tinh dinh dudng, co
ché hoat dong va hiéu suat san sinh khi CHa,
H,S, Ha tir xir 1y ky khi ddi v6i ba loai hinh nuéce
thai (chan nudi, sinh hoat va céng nghiép) giau
hitu co. Pham vi vé khong gian nghién ctitu bao
trum cé trong nudc va quoc té thong qua tlep can
hién trang 4p dung cac cong nghé va thu hoi khi
tir cac loai nudce thai giau hiru co. Nghién ctru su
dung phuong phap ké thira dit liéu tir hon 180 bai
béo, tap chi nghién ctru trong nudc va qudc té,
trong vong 5 nam tro lai (2018 — 2023) trong cac
linh vuc méi trudong, nude sach, chin nudi, cong
nghé k¥ thuét va cong nghé thue phim dé dam bao
du dung luong khoa hoc cho bai viét tong quan.

3. Két qua va thao luin
3.1. Ddc diém thanh phan nude thdi chan nudi

Nudc thai chan nudi dac thu hon so véi cac
loai hinh nudc thai khac. Nudc thai chan nudi
giau hitu co chu yéu do su két hop ctia nude tiéu
gia stic, phan thdi, thuc an thtra va nudc rtra
chudng [2, 37]. Bang 1 va Bang 2 cho thay, nudc
thai tho chin nudi lon c¢6 ham lugng Nito tong s6
(T-N) va COD cao hon nhiéu so voi nudc thai
tho phat sinh tir chan nuoi bo sita va cac loai hinh
chan nudi khac. Tuy nhién d6 pH trong nudc thai
tho cta chin nudi lon thip hon so v6i nude thai
tho cua chin nudi bo sita va chin nuoi khac.
Nudc thai chan nudi lon hdu bi va lgn dé va lon
thit c6 ham lugng COD va BODs rat cao, thuong
dao dong tir 1500 — 1800 (BODs) va 2500 — 3000
(COD) [1, 38]; pH thuong dao dong tir 8,25-8,46
trong khi nudc thai chan nudi lon gidng cac
thong s6 nay thap hon [38]. (Cong ngh¢ khi sinh
hoc (biogas) trong xur ly chat thai chin nudi rat
tiém nang trong cac cong nghé trong chin nudi
dugc ap dung hién nay tai Viét Nam va mot )
qudc gia trén thé gidi [39]. Cac thong sb T-N;
COD va pH dic biét ¢6 lién quan mat thiét dén
qué trinh phan hiy ky khi trong hé thong biogas
[40]. T-N va COD énh huong thong qua bién doi
ve ty 1¢ dinh dudng COD:N:P [41, 42], lam thay
d6i lugng khi sinh ra. Cac bé biogas cong suat
nho thudng khong c6 kha ning phan hay hét cac
hop chiat Nito va COD véi néng do cao, dan téi
hiéu suét sinh khi khong cao [43, 44].

Bang 1. Pac tinh thanh phén mot s6 loai nude thai chin nudi tai Viét Nam

Loai hinh nuéc T-N T-P COoD BODs N-NH4 H TSS Ngudn tham
thai chan nudi (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) P (mg/L) khao

Chén nudi lon 405 + 59,3+ 35469+ | 19818+ | 27553+ 7,45+ 12745+ | [1,7, 38, 40,

(thd) 1,15 6,8 281 168,3 2,46 1,72 3,70 45, 46]

Chén nudi lon 90,72 £ 1794+ | 16396+ | 709,75+ | 46,07+ 5,98 + 301,25 [1, 47-49]

(sau biogas) 5,34 2,63 301 103,8 2,38 1,15 2,02 '

Chan nudi bo 270,75 £ ) 470,8+ | 450,65 ) 7,27+ 283+ [2, 50]

(thd) 14,1 23,55 24,05 0,4 1,12 '

Chan nudi bo 1245 + ) 300,12+ | 118,37+ ) 7,305 99,07 £ [2, 50]

(sau biogas) 5,6 16,2 43,01 1,21 2,31 !

Chan nudi khac 1574 + 38,77+ | 26933+ 2857 + 60,26 + 6,71+ 2105,6 £ [51, 52]

(thd) 2,12 3,48 121 132,02 5,42 0,59 15,4 '

Chan nudi khac 104,8 + 278+ 2302 + 128,8 + 25,03 + 6,4 +

(sau biogas) 6,78 5,64 10,65 4,33 5,52 117 | 80%276 | [51,52]
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Thong s6 pH anh huéng dén sy thay doi
ndéng do nitrat trong nudc thai [45]. Bén canh
do, yéu td hoat dong cua hé vi sinh vat yém khi
dong mot vai trd quan trong trong viéc san sinh
khi methan va phu thudc vao thay doi pH. Vi
khuén axetat va sinh méthan 1a céc vi sinh ky khi
nghiém ngat (moi truong khong c6 Oxy), chi
sinh truong v6i diéu kién pH >6,2 (t6i wu ¢

khoang pH 7,0-7,5) [12]. Nhom vi sinh vat nay
hoat dong ciling giai phong Nito va Photpho
nguyén tir thanh dang NH**-N va PO43-P nhung
khong anh hudng nhiéu dén hiéu qua sinh khi
[37]. Chinh co ché nay da lam cho nudc thai
chéan nuoi lon sau biogas thudong it c6 mui hoi
thdi hon so véi nudc thai dau vao [7].

Bang 2. Pic tinh cac thanh phan ciia nude thai chin nudi tho tai mot sé qudc gia trén thé gidi

Loai hinh coD NH4+-N ] ] Ngudn tham £
nuoe thai (mg/L) mgiy | TNMYL) | T-P(mg/L) pH Khio Quoc gia
339625+ | 654,25+ )
o Toos | 7364642 | 1712817 | 63%205 | [53-56] Mexico
451725+ | 84575+ | 65875+ | 342,99+ ] )
Chinnusi | 389,51 79,403 54,6 62,3 62+11 [57-59] China
lon 413375+ | 5365+ 186,75 +
609,7 179,23 695,5 + 83,3 65.1 73+241 [60-62] South Korea
5150 + 6885 + 633,02«
pe o8 S 235+6685 | 81+212 | [63-65] Italy
1733752 | 31643112 | 493:25% . 65+103 | [66-68] Japan
Chan nuéi 78,89 91,6
han nu¢ 2626 + 224,25+ 315,5 + New
gia st lay 57,86 26,9 21,14 - 67£054 | [69,70] Zealand
sua 3779,75 +
oIS - - 932+1205 | 7.4+214 | [71,72] Pakistan

3.2. Pdc diém thanh phé}n nwede thdi sinh hoat

Bang 3 cho thay, d6i voi hai dong thai sinh
hoat dac thu la nudce thai den va nude thai xam,
cac thong s6 COD, TSS va T-N twong ddi cao so
voi nudc thai sinh hoat thong thuong tai khu do
thi va nong thon. Dic biét COD co thé 1én t6i
hon 8000 mg/LL & nudc thai den. pH dao dong tur
6-7 ddi voi nude thai sinh hoat do thi va nong
thon nhung c6 thé 1én mic 8 ddi véi nudc thai
sinh hoat hon hop. Nudc thai sinh hoat hdn hop
trong trudng hop nay cé tron 1an nudc mua va
nudc thai tir cac khu cong nghiép nhé 1¢ khac,
COD dao dong téi hon 200 mg/L. Cac thong sb
¢6 lién quan mat thiét dén qua trinh phan hiy ky
khi trong nudc thai sinh hoat 1a BODs, COD,
T-N, T-P va pH [40]. BODs anh huong thong
qua ty 18 hdi luu cia nude trong cac hé thong xir
ly va ty 1¢ BOD/COD; BOD:N:P [41, 42]. Thong
s6 pH ¢6 anh huong dong thoi 1én qua trinh phan
hay ky khi va hiéu suét san sinh khi ctia nudc

thai sinh hoat giau hitu co [12]. Yéu té nhiét do
dugc danh gia la quan trong va anh hudng 16n
téi hiéu suat thu hdi khi sinh hoc. Nhiét d6 lam
bién dong dong sinh khi theo thoi gian, dic biét
14 khi methan. Mac du cac cong nghé xtr Iy nude
thai sinh hoat hién nay rat da dang, xur 1y ky khi
van la cong nghé tiém niang. A. G. Capodaglio
[73] dd nhan dinh ring nudc thai den phi hop
v6i phuong phép xtr 1y ky khi dé c¢6 thé thu hdi
dugc nang luong dudi dang khi sinh hoc va dinh
dudng. Tuy nhién, cac cong nghé xtr Iy nude thai
sinh hoat bang phuwong phap hiéu khi va ky khi
déu co chi phi cao va van hanh phuc tap [25].
Mot s6 phuwong phap xir 1y sinh hoc khac da dwoc
két hop dem lai hiéu qua dong xtr 1y cao nhu sir
dung vat liéu loc, loc sinh hoc nhé giot [74].
Béng 4 cho thay hiéu qua giam kim loai ning
trong nudce thong qua phuong phap loc cham
bang cat. Phuong phap gitip loai bo chu yéu cac
kim loai ning bao gdbm Asen (As), Pong (Cu),
Chi (Pb) va Cadimium (Cd). Cé thé thiy hiéu
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qua loai bd As V va Pb dat t&i ngudng 100% theo
mot nghién ctru cua Y. Zhang va cong su [75].
Xt 1y bang phuong phap nay dat hi¢u qua cao
dbi voi ngudn thai co chira ham luong kim loai
nang hoac TSS cao va tiém nang thu hdi tai

nguyén thap. Dbi véi cac ngudn thai co6 BODs,
COD va TSS cao, viéc két hop phuong phap loc
nhd giot va h¢ théng biogas s€ dat dugc hi¢u qua
xtr 1y va thu hdi khi sinh hoc cao.

Bang 3. Pic tinh thanh phan nudc thai sinh hoat chwa qua xtr 1y tai Viét Nam va mot s6 qudc gia khac

o Loai BODS CoD TSS T-N T.p Ngudn
Q H 8
uoc gia NTSH P (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) | tham khdo
NTSHdo | 687+ | 2008+ | 1627+ | 2042+ ] ] 76,771
thi 0,29 6.35 348 3,94 ’
. NTSH 707+ | 1888+ 1918+
VietNam | nsnothen | 0,83 118 - 6,21 - - 25, 78]
NTSHhén | 741+ | 8567+ | 2123+ | 1497+ | 11201+
hop 0,48 9,35 21,4 7.32 322 | 238%26 | [52,79]
| Nuoc thai 8164,02+ | 12651,31 | 4596,09+ | 3202,05+
Mot s0 den - - 16043 | +53245 | 480,25 1246 [80-83]
P uso thai 4220+ | 749,06+ 795+
Khac ude ] ] 9% 06 + 95+ ]
xam 24,93 68,1 217 +27 0,47 [80-84]

Bang 4. Hiéu qua loai bo mot sé kim loai ning trong nudc bang phuong phap loc cat cham

Chat 6 nhiém Hiéu qua loai bé (%) Nguodn tham khao
As Il 98,5+0,25 [75, 85-87]
AsV 99,8 + 0,015 [75, 85-87]
Pong 97,3+1,34 [75, 85-87]

Chi 98,1+ 0,68 [75, 85-87]
Cadmium 96,3 £ 0,02 [75, 85-87]

3.3. Ddc diém thanh phan nwée thai cong nghiép

Trong cac nganh coéng nghiép hién nay, co
bbn nganh cong nghiép dai dién, dic thu c6 mirc
d6 phat sinh chat hitu co va dinh dudng tuong
ddi cao 1a dét nhudm; san xuit mia duong; san
xut gidy va thudc da. Bang 5 cho thay, cac loai
hinh nudc thai nay c¢6 chi sé pH cao (7-8,5) va
d6 mau cao (hon 645 P-C,). Hai thong sé dic
trung la BOD (1én téi hon 1200 mg/L) va COD
(1én t6i hon 3200 mg/L) & san xuét gidy. Tai Viét
Nam, nganh c6ng nghiép dét nhudm thuong sur
dung nhleu nude va hoa chét tiy tring, chit tay
nén noéng dé6 COD va d6 mau thuong ¢ mirc rat
cao [88]. Bang 6 cho thiy, mot sb nganh cong
nghiép ning tai mot sd qudc gia bao gdm luyén

kim, loc hoa dau c6 thanh phan trong nudc thai
chu yéu 1a kim loai ning (Cadimi, Crom). Cac
nganh cong nghi€p hoa chit, thuc da co6 mirc do
6 nhiém tuwong d6i ning [89], do thanh phan
nudc thai cé chira cac loai axit phat sinh tir qua
trinh so ché, tiy rira. Cac théng s c6 lién quan
mat thiét &&n qua trinh phan huy ky khi nudc thai
cac nganh cong nghi¢p dac thu la BOD; COD;
T-N; pH. Tuong ty nudc thai sinh hoat va nudc
thai chin nudi, cac théng so quan trong trén anh
huong dén viéc thay doi ty 1¢ BOD/COD;
BOD:N:P va COD:N:P c6 trong hé thong xir 1y
dinh dudng va cac yéu tb nhiét do, pH déng vai
trd quan trong trong ddnh gia higu sudt thu
hdi khi sinh hoc, dic biét 1a hydro sinh hoc va
khi methan.
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Béng 5. Pic tinh nudce thai chua qua xir 1y cia mot sb nganh céng nghiép dic thu ¢ Viét Nam

Nganh cong H BOD CcoD - T-P TSS D6 mau Ngudn
nghiép P (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (P-Co) tham khao
o 9702+ | 11965+ 710,5 +

Mia duong 7,2%+05 160,6 262.8 - 85.32 - [13, 27]
1 989,06 + 455,4 + [88, 90,

Dét nhuém 85104 - 12,81 - 59,5 645 + 87,4 91]

] 1205 + 3250 +
Gidy 7,3+0,25 420 840 56+1,25 | 35+0,21 - - [92, 93]
Thuéc da 85+12 | 2860+ 30 31133: 526 + 105 - - [94, 95]

Bang 6. Thanh phan & nhidm chinh tir nuéc thai caa mot sé nganh cong nghiép

Chat gy 6 nhiém chinh trong nudc thai

Hoat dong cdng nghiép cé xa nudc thai

Nudc axit

Cong nghiép hoa chat; khai thac mo; dét nhuom.

Cadimi, crom

Xi, ma Kim loai; luyén kim; thuéc da.

DPong Ma dong; tay rira dong.

Xyanua

San xuét khi gas cong nghiép; xi, ma kim loai; tay rira kim loai.

Hydrocacbon; dau khoang; phenol; crom

Loc hda dau; khai thac va ché bién dau: san xuat cao su.

Tinh bot

Cong nghiép thuc pham: dét may.

Sunfua; sunfat; crom

Cong nghiép dét may, thudc da, san xuat khi dét.

AXit tartaric

Dét nhuom; thudc da; san xuat hoa chat.

Ngudn: Sabah Mohamed Abdelbasi and Ahmed Esmail Shalan [89].

Do dic trung vé nhiét d6 va ham luong hoa
chét trong nudce thai cao nén nudce thai dét nhuém
khong thé xir 1y bang céng nghé sinh hoc. Nuge
thai nganh cong nghiép san xuat gidy co dic
trung boi ham lugng TSS, BOD, COD cao
[96, 97]. Qua trinh xr Iy nude thai san xuét gidy
duogc chia thanh 3 giai doan: Xt Iy so bg, xur ly
yém khi va xur 1y hiéu khi [97].

3.4. Yéu to anh hwéng dén hiéu qua sinh khi
sinh hoc

3.4.1. Nong do co chat

Dbi v6i nude thai chin nudi, hiéu qua sinh
khi cao hon khi ting ndng do co chat [98, 99].
Qua trinh phan huy ky khi ctia nuée thai chan
nuoi lon va nudc thai chan nudi bo thuong céd su
bién dong ndng do co chét cao [100]. Khi ting
néng dd co chét 1én mirc bdo hoa, san lugng sinh
khi CH, bét ddu giam xudng va khong thay doi
khi tiép tuc thém vao [100, 101]. Nghién ctru cua
Nima Norouzi and Hossein Khajehpour [100]
cho thay khi thém nong d6 co chét 1én 61,1 g/L,
lwong khi CH, sinh ra 14 29,10 g/L, con sb nay

khong thay d6i khi ting thém luong co chat 1a
74,51 g/L. Pbi v&i nude thai sinh hoat, n6ng do
co chat dao dong tir 1 g/L dén 8 g/L [35]. Hiéu
suét san sinh khi H tang 1én khi nong do co chét
tinh bot trong nudce thai ting tir 1g/L dén 5 g/L
(Hinh 1). Tuy nhién, lugng khi H, san sinh thyc
té giam khi ndng d6 tinh bot ting tir 5 gL dén
7 g/L. Sy sut giam lugng H2 & ngudng nong do
tinh bot cao 1am ting Vass téng dan dén giam
nhanh pH va trc ché san sinh Hy. Khi ndng do co
chat khong du, lwong khi CHy san sinh ra sé rat
thap [102]. Hiéu suét san sinh khi con phu thudc
vao lugng COD va sunfat ¢ trong nudc thai.
Hon 50% methan hoa tan (dissolved methane)
trong tong lugng methan sinh ra mat di do bién
dong ham Iugng COD trong nudc thai
[103, 104]. Pbi v6i nude thai cong nghiép, dic
biét 1a nudc thai nganh coéng nghiép gidy, hiéu
suét sinh khi methan va hydro ciing tang 1én khi
b6 sung thém co chit & mot ngudng nhit dinh
[105]. Pong thoi bd sung co chét lan luot 1a
3 ¢g-COD/L va 5 g-COD/L va va diéu chinh pH
& ngudng 5-7, san luong hydro tdi da thu dugc &
pH ban dau 5, sau d6 giam xudng khi tiép tuc
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thém co chét va pH khong doi. Higu suét hydro
tQi uu la 38,8 IpL Ha/g-COD ban dau thu dugc &
nong do co chat 1a 5 g-COD/L ¢ 55 °C [105].

500
400

: b

0 -
2 3 4 5 6 7 8
Nong d6 co chét (g/L - tinh bot)

——

Hiéu suét phan tng (ml/g-
tinh bot)

.|_
L
1

Hinh 1. Bién dong hi¢u suat san sinh khi H,
theo nong d6 co chat (tinh bot). Ilgi Karapinar
Kapdan and Fikret Kargi [35].

3.4.2. H¢ vi sinh vat

DPbi v6i nude thai chian nudi, nude thai sinh
hoat va nudc thai cong nghié€p, hé vi sinh vat co
anh hudng quan trong toi hi€u qua san sinh khi
methan trong phic hop hé thong phan huy ky
khi. Mot sé tap doan vi khuan co anh huong
manh t61 hiéu qua sinh khi CHs trong cac loai
nude thai chin nudi gdbm: vi khuan thuy phéan:
thuong c6 dang hinh que, nhuém Gram duong
hodc Gram am, thyuc hién chirc nang cit cao phan
tlr cacbohydrat va protein don gian thanh duong
don va axit amin. Dai dién cho nhém vi khuan
thiy phan nay la Anaerovibrio lipolytica, chiu
chirc ning thity phan lipid trong diéu kién ky khi.
Céc vi khuan thuy phén trong nudc thai sinh hoat
sinh truong tot nhat 0 moi truo‘ng pH (5-8). Vi
khuan tao axit: ciu tao boi vi khudn acetogenic,
tryc tiép tao thanh VFAs (axit béo dé bay hoi).
Vi khuan tao axit voi vi khuan 1én men khong
cung chung chirc ning phan huy chéit béo. Kha
nang san sinh enzyme ngoai bao déc trung cho
vi khuan tao axit phii hop voi cac loai co chat
khac nhau. Sy thanh céng trong viéc san suat
hydro sinh hoc tir nuée thai cong nghiép thong
qua quy trinh 1én men phu thudc rat nhiéu vao
cac chiing vi sinh vét trong d6 ¢6 vi khuan dong
loai, tao thanh axetat tir CO2 va H va vi khuan
hydrogenogenic, chuyén dbi axit béo d& bay hoi

thanh axetat va H,. Vi khuan Thermoanerobacter
ium sp. c¢6 kha nang san sinh hydro trong qua
trinh 1én men sam mau ¢ 60 °C. Vi khuan
methanogemc céu tao tu cac methanogens,
chuyén doi COz va H. thanh methan (CHa).
Nhém vi khuan nay sinh trudng duoc ¢ diéu kién
nhiét do cao (65-80 °C), dé dang phat hién duoc
dudi kinh hién vi do c6 kha niang phat quang &
budc séng tia tir ngoai. Thoi gian thé hé duy tri tir
(1-3) ngay ¢ nhiét do 35-55 °C.
3.4.3. Nhiét do

10 2,5
3 [ [ { s g
t L [T SR
= o 1 o &
’g 30 33 35 37 50 55 %

Nhiét d6 (°C)
VFASs CH4

Hinh 2. Anh huéng cua bién dong nhiét o toi thay
d6i nong do VFAS va ham lugng khi CHasinh ra.
(Pooria Latifi va cong su [101]).

Nhiét d6 12 mot trong nhiing yéu t6 quyét
dinh dén chat lugng cac loai nudce thai chan nubi,
sinh hoat va cong nghiép sau xur 1y va hi€u qua
san sinh cac loai khi theo cac giai doan
[106-109]. Pdi véi nudc thai chin nudi, viée
nhiét d§ mdi truong gidm tdi khoang 25 °C trong
cac bé xir Iy két hop véi ting ndng do co chit co
thé gy ra su chénh léch t6i 80% ham luong khi
sinh ra [106]. Déi v6i nude thai sinh hoat, tiém
nang san sinh khi methan sinh hoc t6t nhat 1a ¢
nhiét d6 mai truong trung binh khoang 35+ 1 °C
[110, 111]. Khi ngudng nhiét d0 nay qua cao
hodc qua thap s& trc ché hoat dong cua cac nhom
vi sinh vat ua nhié€t do trung binh, lam giam kha
nang sinh khi, Nhiét d6 anh hudng téi hiéu suat
sinh khi CHj trong nude thai nganh cong nghiép
thuc phim théng qua bién dong ham luong axit
béo dé bay hoi (VFAs). Trong khoang nhiét dg tir
30-37 °C, néng do VFAs dao dong tir 3,6-5,5 g/L
(Hinh 2). Tir 37-50 °C, VFAs tiép tuc ting dén
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6,0 g/L. Tuy nhién, khi VFAs tang thi lugng CHa4
lai giam tir 0,95-0,54 g/L. Nhu vy co thé két
luan rang, khi nhiét do thay d6i s& anh huéng 16n
dén CHy sinh ra. San sinh hydro nhd cic nhom
vi sinh vat thong qua qué trinh I1én men phu thude
rat nhiéu vao diéu kién nhiét do cua qua trinh
[112]. Céc vi sinh vét trung tinh ¢6 nang suét toi
uu ¢ nhiét do tir 30-40 °C cho cac qua trinh san
sinh hydro [113]. C6 thé tiang ning suét sinh khi
Hydro bﬁng cach van hanh & nhiét d6 cao do
nhiét dong luc hoc dugc ting cuong, nhung sinh
khéi va nhiét nang sinh hoc c6 thé dan dén hiéu
suét thap.

3.4.4. Gia tri pH

Viéc thay ddi gia tri pH trong cac khoang
khac nhau c¢6 anh huéng manh meé téi hoat dong
cua cac chung vi sinh vat tuong thich va ham
lugng nitrat trong nudc thai chan nudi, sinh hoat
va cong nghiép dac thu [21, 45, 114, 115]. Diéu
nay dan t6i nhitng bién doi vé lugng khi thu hdi
duge sau xir 1y ky khi. Dbi v6i nudc thai chian
nudi, pH anh hudng truc tiép toi sy phan b cac
dang amoniac (NH4"/NHs), tang pH Ién ngudng
11 dan dén viéc chuyén ddi hau hét cac ion
amoni (NH4*) thanh khi amoniac hda tan (NH3)
[115]. Déi voi nudc thai sinh hoat, viéc didu
chinh pH dén t6i thay d6i vé phuc héi sinh khbi
va san sinh khi hydro sinh hoc [116]. Diéu nay
cling xay ra tuong tu dm véi mot s loai nude
thai cong nghiép. Khi tién hanh thi nghiém 1én
men ky khi hang loat dé chuyén hoa tinh bot
thanh H; tai cac dai pH khac nhau trong nudc
thai mot sb nganh cong nghiép dac thu, Hy dugc
tao ra ¢ khoang pH dao dong tr 5 — 7,5. Hiéu
sudt tao Hy sau d6 tang tir pH 5 — 6,5 va giam
trong khoang pH 6,5 — 7,5 (Hinh 3). Khi pH dudi
5,0 Hz khong dugc tao ra do vi khuin san sinh
hydro bi trc ché & pH thap. Trong diéu kién nay,
nhiéu axit béo dé bay hoi (VFAs) dugc tich tu
[36]. Do d6, ngudng pH 5,5 — 6,5 1a t6i wu nhét
dé H; duogc sinh ra. Khi CHa duoc tao ra trong
khoang pH 5,0 — 8,3. Hiéu suét san sinh CH, ¢6
xu hudng tang khi pH tang cao. Ngudng sinh khi
methan cyc dai dat dugc tr pH 7,6 — 8,3. Cac
chat hitu co khé phan hay nhu lignin trong nudc
thai bot gidy, cellulose trong nude thai tinh bot

s& anh huong dén san sinh khi CH, [117]. Gia tri
pH duéi 5,0 sé& can trd sinh khi CH4 kéo dai.

5 2500 500 ~
& 2000 400 =
1500 [[II [300;
2 1000 Tll 1T 200
-3 -3
5 500 II 100 2
: PN @ 4

1D <D © ) 0 © Oy f O

[ToluTe) [{e] M~ I~ N~ 00

Dai pH

Hiéu sudt san sinh khi CH4

Hiéu sudt san sinh khi H2

Hinh 3. Anh huong caa bién dong pH tai hiéu suat
san sinh khi Hz va CHa ([36],
Tran Sy Nam, et al., [118]).

3.4.5. Yéu t6 dinh dwing

Ddi voi cac loai nude thai chian nudi, nude
thai sinh hoat va nudc thai cong nghiép dac thu,
cac yéu té dinh dudng vé Nito va Photpho c6 ¥
nghia quan trong trong viéc ting hiéu suat xur ly
va thu hdi khi sinh hoc theo céc giai doan
[119-121]. Trong xtr ly nudc thai sinh hoat, viéc
diu chinh ty 16 N/P dé dat duoc hiéu suat thu hdi
khi cao c6 thé dat dugc bang cach thay doi cac
diéu kién khac nhau, chang han nhu viéc bd sung
chat xtic tic phan ung han ché dé hinh thanh
khoang chét chira N va P [122].

BS 300 300 :3
2 =
g 200 T 200 8
5 5
=} a
= 2 100 T 100 = ¢
EE =11 85
) s 0 = = = 0 XS
D= 1 2 3 4 23
& e @
Z Z
<« o . Q-
= Céc giai doan L;
= &

Nudc thai chan nuéi chua xu 1y

Nudc thai chan nudi sau biogas

Hinh 4. Bién dong ty 18 N/P ddi véi nudc thai chin
nudi theo cac giai doan. (M. Hjorth et al., [123]).
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Ty 1€ N/P (g/g) cua nudc thai chan nudi chua
duge xir Iy ting tir 6-24 trong giai doan dau va
dat cuc dai la 102 ¢ giai doan cudi cua qua trinh
chan nuoi (Hinh 4). So sanh gitta nudc thai chua
xtr 1y v6i nude thai sau biogas ta thiy ¢ giai doan
dau cta qué trinh xir 1y, hiéu sudt xtr 1y chua cao,
d6 chénh léch vé ty 1 N/P (g/g) clia giai doan 1
va giai doan 2 13 5. Tuy nhién, céc giai doan sau,
hiéu suat xur 1y ting l1én dang ké, chénh léch vé
ty 18 N/P (g/g) ctia 2 giai doan cudi dat cao nhat
12 60. Sy thay dbi ty 16 N/P anh huong rat 16n t6i
hiéu qua xur 1y va thu hdi dinh dudng trong nudc
thai chin nuéi. D6i voi nude thai cong nghiép co
ham lugng dinh dudng cao nhu cong nghiép san
Xudt sita, pham vi tuong thich cta ty 1& N/P phu
thudc vao céc loai vi khuan phén giai khac nhau,

nhung hau hét vi khuan lam c6 thé twong thich
v6i ty 18 N/P thap dé d& dang phén giai dinh
dudng co trong nudc thai.

3.4.6. Ty I¢ BOD:N:P

Céc ty 1€ BOD:N:P dugc chon tuong thich
lan luot 12 100:0:0,5; 100:1,3:0,5; 100:1,8:0,6;
100:2,7:0,6; 100:4,9:0,5. Ty 1¢ BOD:N:P
(100:5:1) thuong duoc st dung nhu tiéu chuin
cho viée bo sung dinh dudng trong cac nudc thai
ngheo dinh dudng, br:ing viéc ¢b dinh Photpho,
diéu chinh ham lugng Nito [124]. Ham luong
Nito khong anh huong toi viée loai bo cacbon
hitu co, nhung c6 anh huéng manh mé t6i cau
trac biofloc [125].

Bang 7. Ty 16 BOD:N:P trong phan Gng loai carbon

Phan img | Nong do P (mg/L) | Nong do N (mg/L) BOD:N:P Ngudn
1 0,92 + 0,02 0,07 +0.008 100:0:0,5 [124, 126, 127]
2 0,94 +£ 0,016 2,24 +0.02 100:1,3:0,5 [124, 126, 127]
3 1,012 + 0,06 3,12 £ 0,017 100:1,8:0,6 [124, 126, 127]
4 0,997 + 0,03 4,58 + 0,08 100:2,7:0,6 [124, 126, 127]
5 0,955 * 0,02 8,66 + 0,107 100:4,9:0,5 [124, 126, 127]

3.4.7. Ty I¢ BOD:COD

Anwar Ahmad [128] danh gia dugc ty 1€
BOD:COD giam tir 0,871 xudng 0,110 véi hiéu
sudt methan trung binh 1a 0,98 ml CH4/g-COD
da bi loai bd va 95% COD bi loai bé dugc
chuyén thanh khi methan 5 g/L! do tac dong bd
sung ciia cac yéu to nhiét do va pH méi truong
lam cho phan tng phan giai va chuyén héa xay
ra nhanh hon. Ty 1€ san sinh khi sinh hoc dac biét
la khi CHy tai cac bé phan tmg ky khi ¢ mirc
trung binh (0,944 mL/g-COD bi loai bo). Hiéu

suét sinh khi CHq bi anh hudng rat 16n boi viéc
bd sung thém Os. Ty 1&é BOD:COD con duoc
xem 1a mot ddu hiéu danh diu muc do bién doi
Nito, mirc d6 khoang héa cac hop chat hitu co va
t6i wru hoa cac théng sd dong hoc cia cac phan
ung sinh hoc va hoa hoc trong xt ly nudc thai
[129]. Banh gia anh huong cua ty 1€ BOD:COD
téi hiéu suét san sinh khi Methan dua trén mirc
d6 thay dbi ciia nong do co chit c6 hiéu qua
tuong dbi cao va phu hop véi cac diéu kién thi
nghiém khac.

Bang 8. Anh huéng cua ty 16 BOD/COD dén hiéu suit phan tng

Thai gian MLSS* BOD BOD/COD Nguén
ozone héa
40 h 15005 + 5,77 25025 + 28,86 0,5 [42, 128, 130]
50 h 23002 + 4,85 17020 + 24,49 0,4 [42, 128, 130]
60 h 32003 + 2,58 11025 + 20,81 0,2 [42, 128, 130]
70 h 40505 + 5,77 14030 + 22,73 0,1 [42, 128, 130]
Khong xdy ra 1010 + 8,16 27015 + 17,8 0,5 [42, 128, 130]
ozone héa
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3.5. Cdc san pham thu hoi khi sinh hoc

3.5.1. Thu hoi khi sinh hoc dang nhiét

Bang 9 cho thay, lwong khi CH, sinh ra c6
xu huéng tang tir ngay thir 5 dén ngay tha 125.
Luong H>S sinh ra trong qué trinh xir 1y c6 su
bién dong lién tyc. Didu nay phu thudc vao tinh
chat cua ting loai nudce thai khac nhau. Qua trinh
phan huay ky khi nudc thai sinh hoat theo ly
thuyét tao ra 70 — 80% khi methan [102], tuy
nhién luong methan san sinh thye té thap hon rat
nhiéu so véi 1y thuyét. Hydro sulfur (H2S) duoc

tao ra trong moi truong yém khi chu yéu bang
cach khir sulfat [131]. Sulfat c6 thé thé ton tai
trong nudc thai do thi do sy thu thap nuoc thai
cong nghiép giau anion sulfat. H,S la khi gay
mui khé chiu trong céc loai khi sinh hoc sén sinh
tir qua trinh sinh hoc yém khi. D6 mui ciia H,S
phu thudc vao do pH cia nudc thai. HoS 1a hop
chat nguy hiém, dé chay va rat doc. C6 thé cam
thdy sy xuat hién ctiia HzS trong khong khi &
ndng d6 0,02 — 0,03 ppm. Piéu nay phuy thude va
tinh chét ctia timg loai nudc thai khac nhau

Bang 9. Hiéu qua thu hoi khi sinh hoc dang nhiét

STT Thoi gian (%) CHa. (%) CHa sau V-HaStrude | V- HoS sauxir Nguén”tham
trudce xu ly Xt 1y xt 1y (ppm) Iy (ppm) khao

1 | Sau5ngay 65,57 +0,38 | 86,70+063 | 2671,7+376 | 674,75+11,52 [40]
2 |Sau38ngady | 64,60+049 | 89,07+0,67 | 21225+108,1 | 599,5+11,38 | [40,131,132]
3 |Sau50ngay | 63,62+1,12 | 70,45+0,28 | 14455+53,04 | 1574,5 + 40,50 [131]
4 |Sau70ngady | 6550+0,60 | 70,52 0,22 - - [133, 134]
5 |Sau90ngay | 66,27+0,79 | 84,25+0,12 | 1918,75+44,3 | 522,25 + 23,66 [40, 67]
6 | Saul25ngay | 64,02+0,555 | 81,67+0,59 | 1378,25+31,5 | 575,25+ 17,85 [40, 135]

3.5.2. Thu hoi khi sinh hoc dang dién nang

Bang 10 cho thay, lugng Hydro (Hy) sinh ra
tang dan trong 17 gid dau (khoang 0-2,5 ml) va
tiép tuc tang nhanh trong 4 gid sau (khoang
2,5-22,5 ml). Trong 2 gid sau do, nong do H,
sinh ra bat dau giam xudng 15 ml va con 8,5 ml
sau 25 gio. Tang ty 1¢ pha lodng mau nudc thai
(DR) tir 1:2 1én 1:3 d4 1am ting hiéu suat san sinh
H tr 116,5 + 76 1én 142,5 + 54 ml Hy/g COD
loai bo [136]. Khi DR ting tir 1:4, H, giam xudng
con 114,5 + 65 ml Hz/g COD loai bo. Khi thoi

gian luu cua bun trong ngay (SRT) tang tur 3,6
1én 4,0, lwong H» sinh ra tang to 83 + 37 lén
95 £ 24 ml Hy/g COD loai bo. Qua trinh 1én men
hydro tao diéu kién cho hiéu qua loai bo
carbohydrate, lipid, protein va chat rin bay hoi
[36]. Hiéu suat san sinh khi hydro tang khi xem
xét ddi v6i nude thai cua nha may chung cat vi
ham lugng duong va hiéu suit nang luong rong
cao [113]. Qua trinh phan huy ky khi hai giai
doan cOn co tiém nang dat dugc hi¢u qua thu hoi
ning luong va khi H, sinh hoc t6i wu hon so véi
phan huy ky khi mgt giai doan [113].

Bang 10. Hiéu qua thu hoi khi dang dién ning

Thu hdi khi dang dién ning
Thoi gian Hy (ml/h) H, (mL/h) Nguén tham khao
trude xur ly Sau xur ly
15h-17h 0 2,36 + 0,32 [36, 137]
17 h-20h 2,37 +£0,18 7,34+0,17 [137,138]
20h-21h 7,36 £ 0,103 22,65 + 0,23 [116, 137]
21 h-23h 22,71+ 0,24 15,22 + 0,26 [137,139]
23 h-24h 15,37 £ 0,22 12,71 +0,16 [137, 140]
24 h-25h 12,76 £ 0,14 8,72+0,16 [137, 141]
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4. Két luan

bic trung cta cac loai nudce thai giau hitu co
12 ham luong COD, BODs va Nito tong s6 tuong
dbi cao. Do do, tiém nang thu hdi khi sinh hoc tir
phén huy ky khi nudc thai giau hitu co cling vo
cung 16n. Tuy nhién hi€u qua san sinh va lugng
khi thu hdi dugc tir qué trinh phan hiy yém khi
dugc danh gia van con thap (dién hinh 1a khi
CH,) va bi anh huéng rét 16n boi cac didu kién
pH, néng dd co chét, khu hé vi sinh vat dic trung
va nhiét dong hoc. P& xuat nghién ctru vé anh
hudng ciia cac chung loai vi sinh vat t6i hiéu suat
san sinh khi trong cac diéu kién pH méi truong
va nong do co chit khac nhau dé danh gia hiéu
qua thu hdi tai nguyén ciia cac loai nudc thai giau
hitu co khac.

Lo1i cam on

Tac gia cam on Quy Nafosted (MS:105.08-
2018.312) tai tr¢ vé mat kinh phi cho nghién
clru nay.
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